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l i l i p t i c  c s s tu re  o r b i t s  around Mars arid 
have o f t en  been considered a s  means f o r  
ng a r r i v a l  and depar ture  energy requi re -  
f o r  two-vzy missions.  it had a l s o  gener- 
een feered t h a t  t h e  energy savings obt8i:red 
' t u r i n g  a spscecraf t  i n t o  a h'ighly e l l i p t i -  
3it ( r a t h e r  than a near  c i r c u l a r  o r b i t  of  
me pe r i cps i s )  would l a r g e l y  be o f f s e t  by 
n a l t i e s  incurred i n  a l ign ing  t h e  semi-major 
f t h e  e l l i g s e  i n  such a way as t o  o b t a i n  
oper o r i e n t a t i o n  of t h e  departure  hyper- 

T n i s  paper presents  t h e  r e s u l t s  of an 
i s  which takes  i n t o  cons idera t ion  t h e  
i e s  a r i s i n g  from t h e  requirement t o  patch 
i e n t a t i o n  of t h e  e l l i p t i c a l  o r b i t  with t h e  
ote o? t he  departure  hyperbola.  Tne sci- 
c aspec ts  of e l l i p t i c a l  o r b i t s  aroui:. --he 
planet  a r e  discussed,  and it i s  showc 

lch o r b i t s  exti:::-;; characterLs'r Lcs  whit:: 
considered advencageous o r  d '  2vantageous 

Lng on t h e  purpose or" t h e  misshi .  

. .  

Lignrnent o r  t h e  semi-mjor  a x i s  of t h e  
2 e l l i p s e  r e l a t i v e  t o  t h e  asynptote  of t h e  
hyperbola was found n c t  t o  be a c r i t i c a l  

sment s ince  t h e  k i n e t i c  energy remains 
ver a s u b s t a n t i a l  portiori  of  t h e  e l l i p t i -  
? tu re  o r b i t .  This means t h a t  t h e  escape 
:an o2era te  e f f i c i e n t l y  even 17hen ign i t ed  
3 angle  from t h e  t r u e  p e r i a p s i s  po in t .  . 
srable  freedom i n  choosing t h i s  angle i s  
ile a t  l i t t l e  propuls ive c o s t .  The r e s u l t -  
; i tude  i n  t h e  choice 02 rngles  between 
L and escape asy;npto';et ::-akes it poss ib le  
; ider  a wide v a r i e t y  2:' i n t e rp l ane ta ry  
x s  and p lane tary  st.+-:i.:.?s without t h e  
)r separa te  propulsivz z e e u v e r s  t o  re- 
;he capture  e l l i p s e  3e lo re  depar ture .  
L cons idera t ion  has a l s o  been given t o  . 

:hange maneuvers around t h e  p l ane t .  
lay be requi red  for reasons of  o r b i t  
:s o r  scientific e x p e r i m n t a t i o n  and z r e  
.quely t i e d  t o  e l l i p t i c a l  cap tures .  The 
.v i ty  of  t h e  nzss or' t h e  excursion nodule 
e c c e n t r i c i t y  of  t h e  ca3ture  o r b i t  i s  
sed and. mass-penalty diagrams a r e  present-  
; i s  shown t h a t  t'r,ese p e n a l t i e s  do not 
i l l y  o f f s e t  t he  l a r g e  gaLns obta ined  
1 t he '  use of t h e  e l l i p t i c a l  capture  rode. 
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.i? ceptzre  of  I sgacecraf t  2rour.d a 
rea_;iires En arcount of' e n e r w  which i s  a 

)?. of t h e  c h a r a c t e r i s t l c s  of t h e  c a p t w e  
For ro2nd- t r ip  missions,  low c i r c u l a r  

o r b i t s  Lwe ixst f:ec,cc:;LL;r ti.i.:-, c.:A4: .::..,.:. 
Tliese o-"'-- - .J,~s 4- are. t k c  ~ 3 s ;  c!,2r2:,fL;r... , .. - . - - i' 
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t he  escape rmneuver takes  y j : ~ . c e  
i .e.,  as long as .%'.e escase C S ; ' : : . ~ , : : ~ : , ~  :!<.:. ir. 
t h e  plane of t h e  capture  orji';, 
are equal ly  favored. 
does not l i e  i n  t h e  plane of ;:-,e G::::, 
change i s  necessary.  
Tor a plene change . increases  with t:c,c :C::..:!::C 

ecergy of t h e  poin t  a t  which t h i s  ?irir.c c::::::;? 
i s  t o  be undertaken, it i s  evide:.: -;?;.- C I . r r - u  it L S  
nore econonical t o  undertake a pler,c ct~,r..;e a t  
t h e  apoapsis of  an e l l i p t i c a l  o r j i t   ti-.^. 2: c 
poFnt on a low c l r c u l a r  o r b i t .  Even Ln -;?.c 
case of those  p lane tzry  round-tr ip  z.issi0r.s 

incorporate  low c i r c u i a r  cap-cure G r t i t s ,  
2A.2 change rq- i i?ec;ents  o r t en  make it cksir- 
&>2 t o  consiker e l l i p t i c a l  pre-escane or i j l t s  
as a wars o f . r e 2 u c i n g  t o t a l  e n e r a  reqLire-  
n.mcs. It follows t h a t  e l l i p t l c  o r b i t s  r ~ y  be  
used around t h e  p lane ts  i n  order  t o  mini:?.ize 
capture energy and departure  e n e r a  and a l s o  tcm 

. minimize energy requirements f o r  plane chanzes . 
Since t h e  alignnc:; o f  t h e  semi-::?..jor a x i s  of  
t h e  capture  e l i i S s 2  and t h a t  of  :;:e pre-escese 
e l l i p s e  w i l l  u sua l ly  not  be iden t i ca l ,  nethods 
for "turning" the -  seai-major a x i s  before  escase  

' were found and have been described i n  t h e  
l i t e r a t u r e . l ,  * These methods have been foun2 
t o  be ger-erally c o s t l y  i n  terms of energy End, 

. thus,  wex Ce l t  t o  have reduced t h e  a t t r a c t i v e -  
ness of ? L i p t i c a l  c s p r e  o r b i t s .  
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It i s  feasl7;k t o  avoid t h i s  " turning" 
requiremmt is : ::;de v a r i e t y  of cases  by al loi~l-  
ing t h e  capturs  &r,d escape maneuvers t o  t a k e  
place a t  sone angle away from t h e  p e r i a p s i s  
po in t .  

under t h e  s iL2 l i fy ing  assunpt ion of pure ly  
impulsive t h r u s t i n g .  This assumption i s  en- 
t i r e l y  adeqmte  Tor genera l  mission a n a l y s i s  
purposes. Zor t h e '  a n a l y s i s  of t h e  propuls ive  
s y s t e m  and t h e  'oFerationa1 f a c t o r s  involved, 
however, one has to t a k e  i n t o  account t h e  dura- 
t i o n  of t h e  t h r u s t i n g  phase so t h a t  g r a v i t y  
lo s ses  and engine t h r u s t  l e v e l s  may be s tud ied .  

Tnis p o s s i b i l i t y  has been analyzed ex- 
t ens ive ly  i n  a paper by Luidens and Miller 3 

, 

I n  a l C i t i o n  t o  s tudying t h e  o?erztTozal 
problem of e l l i p t i c  capture  and escape, it i s  
necessary t o  examine i n  de ta i l  t h e  inqec t  U ? G ~  

;he a i s s i o n  o b j e c t i v e s  of t h e  use  of  e l l i p t i c e l  
o r b i t s  . 
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